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Disclaimers

The findings in this report are not to be construed as an official Depart-
ment of the Army position unless so designated by other authorized
documents.

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way supplied the said
drawings, specifications, or other data is not to be regarded by impli-
cation or otherwise as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission, to manu-
facture, use, or sell any patented invention that may in any way be
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This report is & presentation of a research project currently
being undertaken at Mississippl State University, in which an
acrodynamic vesearch aircraft, the XV~11lA, is being used to

explore the problem areas associated with STOL fixed-wing aircraft.

This report presents the background history of the XV-11A and

test results for the first 35 hours of flight.
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ABSTRACT

The XV-11A is a2 polyester reinforced fiber glass STOL alvcraft
designed and assembled by the Aercphysics Department of Mississippl
State University. This four-place aircraft, powered by a 250-horsepower
T-63 turbine engine, was designed to achieve high-1lift coefficients by
means of a variable camber wing with distributed suction boundary layer
control. A shrouded propeller was used for thrust augmentation at low
forward velocities, and beta control on the propeller was successfully
used as a drag increment for glide path control.

To date, the XV-11A aircraft has flown 49 flights with a total
flight time of 35 hours. The majority of the flight time was involved
in aerodynamic research of the shrouded propeller, the distributed suc-
tion boundary layer control system and in an evaluation of the general
handling characteristics of the aircraft, A minimum of performance
data was collected since the primary objective was aerodynamic regearch.
The fiber glass material has demonstrated the excellent possibilities
of this type of construction when complex, aerodynamically smooth
curvatures are desired.
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drag coefficient - nondimensional

1ift coefficient - nondimensional
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distauce between bifilars - ft.
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engine compressor speed - percent of design speed

N

engine turbine speed - percent of design speed
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Subscripts
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1. INTRODUCTION

For many years aircraft designers have been attempting to decrease
the minimum flying speed of fixed-wing aircraft which would enable the
aircraft to take off and land in short distances without sustaining a
severe drag penalty at high cruise speeds. The attainment of auch STOL
characteristics 1s primarily dependent upon increasing thes lifting capa~
bility of the aircraft wings and increasing the static thrust generated
by the propulsion system. Many mechanical devices (such as flaps, slots,
and slats) as well as boundary layer control devices (such as blowing
and sucking through slots and distributed perforations) have been utl-
lized in an attempt to increase the 1lift of the wings. Recently, the
operation of wings in high dynamic head slipstreams has been successfully
used in a number of aircraft. The static thrust of several aircraft
has been increased by increasing the propeller size, thereby decreasing
the disc loading, as well as by the use of shrouded propellers.

The Aerophysics Department of Mississippi State University has been
performing research in high lift and thrust augmentation for a number
of years. The Department has designed and assembled a vehicle which
uses distributed suction boundary layer control to attain high-1lift
coefficlents and a shrouded propeller to increase the static thrust of
a propeller (see Figure 1). The alrcraft, designated the XV-1lA by the
United States Army, was constructed of fiber glass materials to facili-
cate the construction of the complex shapes required to satisfy the
design objectives of the XV-1lA., The primary purpose of this gircraft
ig to investigate the areas of high 1lift, low drag, and thrust augmenta-
tion.
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2. HISTORICAL BACKGROUND

In 1958 the Aerophysics Department of Mississippi State University
was awarded contracts for aerodynamic research that could be utilized
by the armed scervices towards the developmeut of a relatively high-
performance alrcraft capable of taking off and landing in small,
unprepared { .elds., A study of the problems involved In the design of
such a vehicle indicated the need for major research efforts in three
specific areas. These areas of research consisted of increasing the
high lift capabilities of the vehicle to allow lower takeoff and land-
ing speeds, augmenting the low speed thrust to provide better accelera-
tion, and reducing the vehicle drag to allow relatively high-speed
performance in cruise.

To achieve lift coefficients greater than 3.0 without using slip=-
gtream effects, It is necessary to use a boundary layer control system
rather than mechanical devices such as flaps or slots. For a boundary
layer control system to be effective, it must not only increase the
1ift of the wings but also utilize sufficiently low horsepower so that
a net gain in takeoff performance results when the power for the system
1s taken from the main power plant. Also, the system must be mechani-
cally simple, light, reliable, and easily maintained. An analytical
study (reference 1) showed that the power requirements were minimum for
a distributed suction boundary layer control system. Flight experiments
performed with TG-3, L-21, and L-19 aircraft demonstrated appreciable
increascs in maximum lift coefficient; e.g., the L-19 could successfully
fly at lift coefficients of 5.7 by means ol diastributed suction boundary
layer control utiliziung 12 horsepower from the main engine. The takeoff
and landing distances were reduced by 38 and 29 percent, respectively
(reference 2). Figure 2 shows the aircraft which were used in the
high-1lift research.

In order to increase the thrust of the propeller, a shtoud was
attached. Experiments on an AG-l4 showed that the static thrust of a
propeller could be increased by as much as 70 percent by means of a
shroud (Figure 3). The shroud must be located at the rear of the
vehicle for reasons of aircraft stability and pilot visibility. With
the shrouded propeller at the back of the vehicle, insertion of the
longitudinal and directional controls in the slipstream of the propeller
ensures adequate control power at the very low airspeeds necessary for
STOL cperation.

To ensure a high cruise speed, the drag of the airc¢raft must be
reduced to a minimum by eliminating all external protuberances, by
preventing turbulent separation by means of geometric streamlining, and
by maintaining laminar flow as long as possible. Geometric boundary
layer control was demonstrated on a Navion L-17 and a Beechcraft L-23
by smoothing the wings, using wing-root fillets, making windows flush,
sealing undercarriage doors, mounting the radio antenna within fiber



glass wing tips, and modifying the cooling systems (Figure 4). A typl-
cal result of these modif{cations on the L-23 was the reduction
power required for level flight fram 400 ra 210 ohafe
miles per hour.

in horse-

hmemc = . enan
HeLoC pUWEL 4L 1OV

The results of the research in high f1te, thrust augmentation, and
low drag were incorpovated into a modified AG-14 aircraft which wag
called the XAZ-1 (Figure 5). This afrcraft was not an STOL vehicle
because it was underpowered, However, it did demonstrate that a distrib-
uted suction, high-lift, variable camber, boundary layer control wing;

a shroud for thrust augmentation; and geometric low~drag techniques could
be successfully utilized. The results of all the research on the TG-3,

the L-21, the L-19, and the XAZ-1 alrcraft were directly applied to the
design of the XV-11A STOL ailrcraft,
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3. DESCRIPTION OF THE XV-11A AIRCRAFT

The XV-11A aircraft is the result of cumulative research efforts
in high-lift boundary layer control, propeller thrust augmentation, and
low-drag geometric boundary layer couirol, With the exception of the
landing gear and ducting, the fiber glass cowmponents of the vehicle
were manufactured by Parsons Corporation and assembled in the Aerophysics
Department of Mississippi State University. The first flight was per-
formed on December 1, 1965.

The four-place XV-11lA STOL research vehicle is constructed of fiber
glass reinforced plastic to achieve a high-rigidity, wave-free structure.
This material also allows easy manufacture of complex shapes with a
minimum of tooling.

The wing has a camber-changing mechanism which consists of two
load-carrying horns in each wing supporting four subspars aft of the
main spar. The electrically driven horns rotate through journals in
the subspars and the trailing edge of the wing, thereby changing the
camber. The subspars are piano-hinged at the top and bottom to facili-
tate angular movement (Figure 6). The wing leading edge was designed
to carry internal fuel tanks, which have a €6-gallon capacity. The wing
has a distributed suction boundary layer control system on the upper
surface for high lift.

The fuselage is a stiffened shell-type structure with the pilot
and passenger compartment glassed-in above seat cushion height. The
long side windows are hinged at the top and act as doors. The cockpit
contains a gasoline tank with a 30-gallon capacity which is designed
to be uged as a rear seat support.

The shroud, although similar in external configuration to the XAZ-l
aircraft, does not have the flight controls integrated into the shroud
periphery. Cruciform control surfaces operating in the slipstream of
the propeller provide adequate control power even at the very low air-
speeds encountered with the XV-11A. The controllable pitch propeller
has reverse pitch capability and can be used for glide path control.

The propulsion system consists of a T-63 gas turbine engine
ingtalled in the fuselage between the wings. The engine shaft rotates
at 6000 r.p.m. and drives through a rear-mounted 2.9 to 1 reduction
gearbox to the propeller in the shroud. Five bearings support the
steel shaft, which is enclosed in a fiber glass housing. The compressor
stage of the engine is the suction source for the boundary layer control
in the wings. The engine oil and engine compartment cooling is accomp-
lighed by an air intake under each wing root. The engine compartment
is scavenged by the jet ejector principle, with the turbine exhaust
being used as the primary flow.




The pantabase gear was designed for operation from soft, muddy
ground where the pantabase would not sink into the mud. The under-
carrispe was designed f{ur loading conditions equal to eight times the
weight of the alrcraft.

3.1. ENGINE INSTALLATION

The T-63 engine is mounted in the upper center fuselage just aft of
the wing spar carry-through., Rigid sheet and tubular steel mountings
support the engine at the sides and top of the accessory drive case.
Loads are distributed to a transverse bulkhead and to the upper sides of
the engine box., This box is part of a stainless steel enclosure which

provides a fire and heat barrier for the rest of the fuselage., Additional

barriers are located inside the englne box in order to isolate the hot
portions of the engine from the gears and accessories. A ventilating
flow of air is branched from the oil cooler inlets under each wing root
and is directed to the coolest portion of the engine box. It then flows
to progressively hotter sections and {s rejoined with the oil cooler
flow, where it is exhaugted on either side as the secondary flows of

the jet pumps formed by the engine exhausts issuing from the trailing
edge of the wing fillets (Figure 7). Access to the engine box is by
removal of the stainless steel bottom pan of the enclosure. A stressed
aluminum hatch is previded in the upper fuselage surface to allow access
to the top of the engine.

Power 1s taken off at the rear power takeoff pad as it is in a heli-

copter installation. Transmission is via a 1-3/8-inch 0.D. tubular

steel shaft turning at 6000 r.p.m. to the aft gearbox which supports

the propeller and reduces the gpeed to 2070 r.p.m. The 7-foot-long

shaft is supported by a fiber glass housing containing intermediate
bearings every 15 inches. A constant-speed universal joint allows the
drive to bend through 11 degrees just ahead of the aft gearbox. The
shaft, housing, and gearbox are removable from the aft end of the air-
plane. Photographs of the engine installation and the drive shaft are
shown in Figures 8 and 9, respectively.

3.2. BOUNDARY LAYER SUCTION SQURCE SYSTEM

Each wing of the ailrcraft acts as a single plenum chamber, with
the two wings being connected to the suction source by a common duct.
The flow from the wing perforations in the upper surface pasgses through
the wing, either back through the spar and inward, or straight inward,
It then enters the common duct at the wing root and is guided through a
90-degree turn into the engine compressor. The duct at the compressor
inlet has a large-radius bellmouth and a contoured divider at the front
center to minimize crossflow. The compressor's ingside diameter is 4.50
inches. The duct measures 8 inches by 8 inches at the wing root. At
the wing root the duct has a bellmouth averaging .75 inch radius. An
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emergency bypass door 1s provided in the intake alr duct to ensure
engine alr in the svent of crtapnage of the uwing plenum aiv Jue Ltu iciug,
cetec. The valve is spring-loaded for automatic or manval operation.
Figure 10 glves diagrams of the suction source system,

3.3. OIL SYSTEM

The T-63 engine is lubricated with MIL-7808 synthetic lubricant,.
A dry sump system is used with a gcparate l-gallon oll tank located
ahead of the engine. A scavenging pump returns the oil from the acces-
sory case to the tank via dual oil coolers which are located beneath
cach wing root. The propeller shaft housing incorporates an integral
oil pressure and scavenging system for lubrication of the intermediate
bearings and aft gearbox. O1il under pressure is taken from the engine
to supply the sgpray nozzles of the shaft and gearbox. Scavenging is
accomplished by an auxiliary scavenging pump which has been added to an
accessory drive pad on the engine.

3.4, FUEL SYSTEM

A simple, single-tank system 1s used. A flat 39-gallon tank is
located just above the [loor in the center fuscelage. This is filled
through a recessed cap under a flush cover on the left side of the
fuselage. Fuel is drawn from a drainable tank sump by means of a
submerged electric boost pump. The fuel then goes through a shut-off
valve, filter, and flow meter to the engine. A dual engine-driven fuel
pump, controlled by dual governors, feeds the fuel to the single spray
nozzle in the combustion chamber. The pilot controls the output by
setting the gas producer governor, which also provides overspeed protec-
tion,

3.5. FELECTRICAL SYSTEM

A conventional 28-volt D.C. electrical system is installed in the
alrcraft in conjunction with an engine-driven starter-generator. Two
serileg~connected 12-volt lead-acid storage batteries uJre located in
the nose of the fuselage for possible in-flight relight. Engine start-
ing is normally assisted by a ground power unit that plugs in at a
flush-covered receptacle located on the right of the fuselage nose.

The electrical load is in the form of motors, such as the starter, camber
change actuator, propeller pitch change, elevator trim tab, and fuel
boost pump. Each circuit is protected by a reclosable breaker, and a
solenoid-operated master switch which opens the entire system.

3.6. CONTROL SYSTEM

Elevators, rudder, and ailercn controls are of conventional cable,




push rod, and bell crank construction. A nonflaating trim tnh 1ith
manual control was installed in the elevator with a tab position indi-
cator for the pllot; however, this has recently been replaced by an
electrically operated trim tab with the countrol on the wheel, The ele-
vator 1s partially counterbalanced.

A dual control column was installed for the elevator and allerons.
Pendant rudder pedals with toe braking are used. The Mississippl State
University Aerophysics Department designed and installed all controls
in the cabin area, including the front wheel steering attached to the
rudder cables. Cranks, pulleys, and brackets located at the control
surfaces were designed and manufactured by the airframe supplier,
Parsons Corporation.

The camber-changing activator is a single unit mounted in the fuse-
lage between the wings. Uoth wing camber-changing vnits are operated
from one electrically driven gearb>x with a wing position indicator on
the instrument panel,

An emergency engine Intake alr bypass door control is provided.

Emergency door hinge releascs were installed in both cabin doors

for door jettison.

3.7. PROPELLER

The prupeller installed on the XV-11IA is the design developed
especially for the T-63. The propeller was obtained from the Alr
Force and installed in the shroud after trimming 11 inches off of
each tip (Figure 11).

The propeller, as delivered, utilized a hydraulic pitch control
system which was essentially integral with the T-63 engine. The remote
location of the propeller on the XV-11A did not allow the use of this
control system. An electric pitch change system was designed and
fabricated by the Aerophysics Department. This system uses two electric
motors which are mounted on the propeller hub and drive a screw which
positions the push rod activator of the original propeller control.
Limit switches, brush rings, and a positioning feedback circuit com-
plete the pitch control system. The feedback circuit maintains the
pitch angle selected by the pilot through the position of the propeller
control lever in the cockpit. The pilot may bypass the feedback circuit
by applying electrical power directly to the two electric motors so as
to increase or decrease the blade angle. This alternate method does
not provide an indication of the blade angle to the pilot and is intended
to be used only in an emergency. The c¢ircuit diagram for the propeller
pitch change mechanism is shown in Figure 12.
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DIMENSIONAL DATA

Dimensions:

Span

Length
Height

Weights and Loadings:
Maximum Takeoff Weight
Maximum Wing Loading
Maximum Power Loading

Wings:
4spect Ratilo
Chord

Thickness/Chord Ratio
Dihedral
Incidence

Alleron Arca
Wing Area (Gross)
M.G.C.

Taper Ratio

Sweep at 35-Perceut Chord

Camber-Changing Span
(Including Fusclage)
Alleron Span

D Spar at 34.73-Percent Chord
Wing Airfoil - Modified NACA 63615

Tail Unit:
Duct
Inside Diameter
Chord
Area
Horizontal Tail Area
Vertical Tail Area
Incidence of Tail Unit

Power Plant:

26 ft. 2.5 in.
23 fr. 3 in.
8 ft., 6 in.

2600 1b.
24,5 1b,/sq. ft.
10.4 1b./hp

6.5

4 ft. 10.2 in. on theoretical
center line, 3 ft, 2.8 in.

at tip

15 pet.

2 deg.

1 deg. at root, -1 deg. at
tip

12.0 sq. ft.
106 sq. ft.
4 fe. 1.5 in.
.67

0 deg.

18 ft.

3 ft. 6 in.

5 ft. 6 {in.

2 ft. 6 in.

15.63 sq. ft.

14.4 sq. ft.

7.3 sq. ft.

1.0 deg. (trailing edge up)

One 250-horsepower T-63 gas turbine engine driving a two-blade
propeller with electrically actuated pitch control by

Mississippl State University.

Engine is located in mid fuse-

lage and drives the tail-mounted shrouded propeller through

a 7-foot shaft and gearbox.

Fuel tank, located under the rear

seat position, has a 39-gallon capacity. Oil tank capacity is

7 quarts.




4-Wheel Pantabase, Steerable

Wheel Track 6 ft. 6 in.
Wheel Base 4 ft.

Wheel Size 5:00 x 5
Brakes, 4-Wheel Disc

Accommodations:
rour crew members - two abreast scating.
and windows on each gide of aircraflt.

Combination doors




4.  AIRCRAFT STRUCTURES

The material used throughout the XV-114 i{s 9-ounce fiber glass with
a general purpose polvester resin. This material provides a strong,
lightweight, rigid structure with smooth surfaces and the opportunity
to obtain complex curvatures with relatively low-cost tooling. The use
of fiber glass is particularly attractive for limitel production articles
and allows later modifications to be easily made. The chance to experi-
ment with the low radar reflectivity of fiber glass structures 1s an
additional feature offered by this material,

Generally, the structure may be described as a rib or a bulkhead-
supported molded skin assembled with an epoxy bond. Views of the air-
craft components under construction arc shown in Figure 13.

Bonding material used throughout the aircraft was an epoxy, plasti-
cized with 7 percent (by weight) polysulfide. Completed units were post
cured after bonding to increase bond strength and decrease the proba-
bility of further shrinkage. This post cure was accomplished for most
parts where foam sandwich material was used. Polyurethane foam of 4-
pound and 6-pound density was used for sandwich material.

High-stress arcas in the fuselage skin or bulkhead joints (such as
empenpage attachment, control brackets, or engine mountings) were rein-
forced by mechanical fasteners, bolts, or rivets. Generally, bonded
jointg werc lapped or spliced in accordance with current aircraft prac-
tice, and efforts were made to obtain sufficiently thick glue lines and
filleting of the bonded material at the edges.

In high-temperature areas, such as those around the engine exhaust
and the oil coolers, the fiber glass material was laid up with the heat-.
resistant polyester resin which retains its strength up to a temperature
of 3500 F. Fuselage structure and skin in the area of the engine com-
partment were insulated against heat damage by asbestos, fiber glass,
and aluminum foil.

Wings, fuselage, and shroud were contoured and smoothed with poly-
ester body putty; the complete airplane was painted with dull=-finish
white lacquer for heat-reflection purposes and protection of the fiber
glass skin,

4.1. LOADS

The XV-1lA aircraft was originally dr igned for limit load factors
of +6 and =3 and ultimate load factors .t +9 and -4% based on a 2200-
pound aircraft weight. The flight envelope for the 2200-pound case gives
a maximum aircraft airspeed of 315 miles per hour. Because of the
increases in the weight of the components, the maximum gross weight was
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incrcased to 2600 pounds and the flight envelope was modified as in
Figure l4, where the limit load factors are +45.2 and -2.5. This flight
envelope has been drawn up necording to Tedeval Aviaiion Regulations,
Part 23, The flight weight is 2400 pounds with pilot only and 2600
pounds with an observer. This flight envelope allows gust criteria of

30 feet per second,

4.2 WING DESIGCN

The distributed suction boundary layer control system required

that the wing have an even skin thickness on the upper surface and that
this surface be smooth and wave-free. Seals were provided at all junc-
tions to prevent air leakage into the wing. The camber-changing mecha-
nism consists of two load-carrying horns in each wing, which support
four subspars aft of the main spar. The horns, which take the place

of wing ribs thrcughout the camber-changing area, are of cast magnesium,
They rotate through journals consisting of short arc blocks of nylon
sliding in a "u" section. These journals are built into the subspars

at the proper location to receive the horn (Figure 6).

The single spar wing has a "D" section lcading edge with stressed
skin construction varying from .050-inch thickness for the top surface
to .075 inch at the leading edge and over the main spar. The main spar
consists of a "C" section of fiber glass which has varying numbers of
layers of stainless steel laminated between layers of cloth in order to
form caps at the intersections of the upper and lower skins. Nose ribs
and riblets are used to support the leading =dge skin. The wing tips
outside the aileron are removable and are of the Hoerner-type configura-
tion. The subspars in the camber-changing area join to the skin with
piano-type hinges integral with spars and skin. A long pin can be

pulled from each hinge point to remove the spars and to expose the horms

and mechanism for servicing. Inspection panels are provided forward of
the main spar for horn and gearbox inspection.

The machine-drilled suction holes in the fiber glass wing skin
have .proved to be gatisfactory from a structural and maintenance vicw-
point. Holes were not drilled in the spar caps, but rib and riblet
flanges under the leading edge skin of the wing were drilled when
necessary.

The wings are attached to the fuselage by a single wing carry-
through spar milled from aluminum and pinned by steel attachment bolts.
The carry-through is attached to the fuselage by means of bolts through
stainless steel plates laminated into the fuselage bulkhead at the spar
location. The wing spar attachment fittings are steel laminations
attached to stainless steel and fiber glass build-ups on the main wing
spar by means of bolts. Similar fittings on wing and fuselage are pro-
vided at the drag fitting location at the wing leading edge. All stain-
less steel reinforcements in the wing and fuselage were etched and
bonded in place with epoxy (“Epon' 901).
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4.3. WING ASSEMBLY PROOUF TESTS

The wing assembly proof tests were performed at Parsons Corporation
prior to delivery to Mississippl State University. The wing pancl
assembly was subjected to static loading of 3508 pounds vertical chaar,
300 pounds dirag shear, 224,997 inch~pounds vertical bending moment, and
114,300 tnch=-pounds in-plane bending moment without structural damage.

The aft section of the wing in the camber-changing area and the
camber~-changing mechanism were power cycled under 50 and 75 percent
(528 ~ 792 pounds distributed) of conditiun 2 loading,’* and proof tested
at 100 percent (1057 pounds distributed) for static deflection measure-
ments.

The aileron control connections were checked at 50 percent (314
pounds distribution) of conditicn 2 aileron loading.

Vertical bending beam stiffness measured agreed with the calculated
data to within 6 percent.

The measured torsional stiffness distribution was twice the calcu-
lated distribution.

A first-mode natural, fixed-free vertical bending frequency of
8.2 c.p.s. was recorded with the wing assembly mounted in the test
fixture.

4.4, _FUSELAGE
The fuselage unit was planned as a structure constructed totally

of fiber glass. This was accomplished by using a stifewed shell-type
structure with bulkheads joined by stringers on the top and bottom and
reinforced in the belly by a heavy floor over stringers reaching to the
outgide skin. A heavy tubular glass skeleton extends from the high wing

- attachment area to a triangular-shaped ring bulkliead which forms the
windshield posts and carries around into the forward end of the buflt-
up floovr, .The skeleton is the attachment and support for the side and
top windows (Figure 13). The complete pilot and passenger compartment
was glassed-in above the seat cushion height. The long side windows are
hinged at the top and act as doors. The individual glass areas are
large and require heavy, mold-contoured, Plexiglas** panels.

*Condition 2 loading is defined by the manufacturer, Parsons Aircraft
Corporation, as a load factor of +3 at 105 miles per hour and a
weight of 2200 pounds.

**Reg. T. M., Rohn & Haas Company
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The heavy bulkheads used to support the wing carry-through attach-
ment are rectangular in cross section and extend around the bottom -
fore and aft of the landing gear carry-through. The 2ear carrv-through
structure is composed of glass roving compression and tension bars built
integrally with flvor and bottom skin. The tension bars at the bottom
form the hings pointe for gear leg attachment.

Floor structure and polyurethane foam sandwich skin, up to the
window line, form the main passenger load support., Thrust leads from
the aft mcunted shroud and propeller are taken through the fuselage skin
and stringers at both the top and the bottom. A faired-out lower shroud
intersection at the rear forms both aft lower fuselage and the lower one-~
fourth of the shroud., Shroud attachments consist of reinforced skin
with closeiy spaced anchor nuts for bolting on the remainder of the
shroud.

Fuse.i . ge skin thickness varies from about .050 inch in the front
section to about .030 inch at the rear. Build-up was utilized at points
such as landing gear structure, wing carry-through and drag spar fit-
tings, and gearbox mountings. The fuselage skin was laid up in open
threc-part mo' ds and came together in lapped and bonded joints along
the extreme width points on the side and at the top center. Bulkheads
were bonded in place, as were stringers and other fuselage structure.
Gas tank mounting brackets were bonded and riveted into the floor at
locations where side panels bond into the floor. They were positioned
i{vre and aft of the landing gear carry-through.

The gas tank of 39-gallon capacity was constructed of .032 sheet
aluminum ribs and wrap. It was bonded and riveted together. Baffles
were installed in sufficient number so that the tank would be rigid
enough for a rear seat support.

4,5. SHROUD AND EMPENNAGE

The Aerophysics Department of Mississippi State University paid
close attention to the design of the shroud and tail surfaces of the
XV-11A, since problems had arisen pertaining to excessive weight of
these components on the XAZ-1l aircraft. Construction is of a single
spar and closely spaced ribs covered by skin .,030 inch thick on the
inner surface and .020 inch thick on the outer one. Skins are bonded
to spar and ribs. The trailing edge is a glass-covered foam wedge
bonded iuside the skins.

The stabilizer and fin form a cross in the shroud behind the pro-
peller and effect a part of the shroud stiffening. They are of a
heavier build=up, about .050-inch-thick skins., The skin of the rudder
and elevator are .020 inch thick, and the ribs are reinforced by steel
tubing at hinge points, Rib spacing is 6 inclkes in the rudder and
elevator as compared to 3 inches on the shroud.
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The weight of the complete shroud and control surfaces, minus the
two bracing struts, was 68 pounds. Some trouble was encountered in
obtaining a close tolerance on the propeller tip clearance due to slight
warpage during the post curing of the shroud; however, this was overcome
by cutting and reapplving a amall ares of slacs. The Doparteent {ouid
that this light structure was sensitive to warpage inherent in polyester
in lay-ups.

The shroud-to-fuselage struts consist of two fiber glass roving
spars and stressed skin with a polyurethane foam core.

4.6, LANDING GEAR

The lunding gear used on the XV-1lA is a compromise between a
pantabase operation and test flying from hard-surface runways. The
result is a four-wheel gear with wheels mounted in skids or elongated
pants and sprung to the fuselage by laminated fiber glass leg members.
These leg members were built into a faired torque box which absorbed
landing loads.

The leg members (6 per side) are composed of glass roving caps
laminated into, and bonded to, side webs. The leg section is fastened
into the two-wheel pant, wrapped with fiber glass cloth, and then
covered with an airfoil-shaped fairing (Figure 15).

Pantg are constructed of aircraft birch plywood laminated with
fiber glass cloth. Wheel axle loads are properly distributed with
bolted-on flanges. Front wheels are steerable by connection to the
rudder cables. The rear wheels are fixed. Brakes operate on all four
wheels,

Initial shock loads are absorbed by a rubber pad fitted between
the compression side of the gear and fuselage carry-through. As this
hardens under load, the fiber glass landing gear legs and the fuselage
carry-through members flex with the loading.

A tail skid constructed of fiber glass roving is positioned under
the shroud.

Individual landing gear leg components were static tested in a
mocked-up mounting to simulate pant and fuselage attachment. The tests
were carried out in a 200,000-pcund testing machine. After some bond~
ing surfaces were enlarged, the leg was static tested to 7% G's, the
ultimate load. At this point the roving parted at the hinge line, thus
assuring the maximum strength attainment of the structure. Previously,
a fiber glass landing gear strut of a lighter build-up than the XV-11lA's
had been torque tested to better than 6 G loading, Thus, it was felt
that sufficient preliminary test work had been done to assure a reason-
able margin of safety on the landing gear.
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Nevertheless, after 24 landings, it was apparent that considerable
delamination was occurring on the fiber glass webs. The umdercarriage
was removed, inspected, and repaired. It was found that instead of the
load being carried equally by the six struts on each side, it was being
carried by both the rear Jegs due tn torsinnal loading of che volgtively

........... Ce LAY Ay

stiff gear. This apparently caused successive delamination. However,
there was little danger of the undercarriage's collapsing because the
load was simply shifted to the next strut as the web in the rear leg
delaminated and separated. In the reassembly of the undercarriage,
care was taken to insure that the load was more equally digtributed

among all six struts on each side.
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5. _CONSTRUCTION TECHNIQUES USED IN FABRICATING
THE FIBER GLASS COMPONENTS

All fiber @lass hulkheade, vibo and aobins of she XY 11A were con-

structed either at Parsons Corporation or Mississippi State University's
Aexophysics Department. Matched molds were used for structural parts,
yielding pieces with approximately 6U-percent glass content., These
pleces were oven cured to facilitate assembly without warpage. Open
lay-up of glass laminate, used for large skin areas, resulted in glass
content of approximately 53 percent and room temperature cure,

5.1, WING

Wing skins were laid up in large wooden molds with matching plaster
male molds clamped in place with three boits passing through inspection
panel openings. Stainless stcel spar caps were laminated in place with
successive overlays of cloth., All spars, ribs, and camber-changing
mechanism supports were bonded into the top skin as it lay inverted in
the mold (see Figure 13). The camber-changing horns and drive mechanism
were added at this time. Subspars were fitted into their piano-hinge
counterparts which were built into the wing skins. Wings were completed
by bonding on bottom skins which contained the inspection panels for the
camber-changing mechanism,

5,2. FUSELAGE

The fuselage skin was laid up on an open female mold of fiber glass,
reinforced with steel tubing. This mold was constructed over a fiber
glass and plywood mock-up furnished by the Mississippi State University
Aerophysics Department. The three-part mold consisted of a lower sec-
tion to the maximum width of the fusclage, and a pair of sides parting
at top center. A lap for bonding was provided for at each joint. The
build-up of additional layers of glass at the nose, belly, wing loca-
tions, and landing gear locations was made on the original mold. The
lower mold was used as a jig for the bonding-in of bulkheads and string-
ers before addition of side skins. §liced polyurethane foam was bonded
to the sides and floor of the cabin area and covered with fiber glass
laminate. The floor was 1/8-inch-thick laminate laid up separately,
then bonded in place.

5.3. EMPENNAGE

Cylindrical, wooden molds were used for open lay-up of the shroud
skins. Inner and outer surfaces were molded, then bonded at leading
and trailing edges. Contour accuracy was critical for the innex surface
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of the shroud. Elevator and rudder 'D" sections and skins wetre open
lay-ups in wooden molds, and the ribs were match-molded.

5.4. LANDING GEAR

Landing gear leg sections were laid up in metal molds constructed
to facilitate the winding of wet glass roving through the tensioa and
compression sides of the strut and over an aluminum bushing at the hinge
point. Light tension was maintained on the roving wrap. Sections were
joined to the fuselage through a piano-type hinge and fitted into the
wheel pant ahead of the rear wheel. Spaces were then filled with poly-
urethane foam. Biased cloth lay-up of .072-inch thickness was bonded
to the top and bottom of the leg in order to complete the torque box,
The fiber glass pad which transferred compression loads to the fuselage
was match-molded and bonded to the leg assembly before attachment to the
pant. Pant attachment was a combination of bolted flanges, bonding, and
reinforcing fiber glass cloth wrap (Figure 15).

5.5. SHAFT HOUSING AND DUCTING

The fiber glass drive shaft housing, gearbox front housing, and
attachments were open lay-up of heat-resistant resin and glass cloth
over male molds turned from hardwood. Alignment of shaft and bearings
was achieved in the housing by seating bearings in glass and resin and
by using the actual metal shaft for alignment purposes, O0il lines and
the oil scavenging chamber were bonded to the housing. Coned housing
attachment flanges were fitted to the housing at bulkhead intervals.

They were stepped in diameter to allow removal to the rear as the pro=-
peller and gearbox were removed. The shaft housing is shown in Figure 9.

The ducting from the wings to the engine compressor was constructed
over a male mold mock~up and was fitted with bellmouth fairings at the
wing root inlets and at the compressor outlet. O0il and engine cooling
ducts were laid up over wooden molds and were bonded into the fuselage
duct at the lower front sides of the wing roots. Intake, oil, and engine
cooling ducts are shown in Figure 7.
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